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1. Introduction

A key issue for developing cognitive systems is the distinction between architected or human
modeled ontology on the one hand, and emergent, largely machine - automated knowledge-base
construction, on the other. Therefore, there are in IKMSS three large groups of problems that should
approach in terms of decision-based applications: human-environment interface, qualitative knowledge
modeling and time management. Such applications obviously require dated event operations the life-time of
which should be managed by the system, which often works asynchronously with the acquisition and control
system. A real-time expert system shell must also represent imprecise, time and temporal data, encode
temporal knowledge, and manage temporal/fuzzy reasoning for allocating temporally interdependent tasks
to homogeneous or heterogeneous cooperative agents in dynamic large-scale networks. We have developed a
IKMSS as an agent that works as a planner and it is realized as a fuzzy real-time expert system shell to meet
the challenges of the dynamic environment, like Virtual Organizations (VOs) or Hierarchical Coalitions (HCs).
VOs provide an effective instrument to integrate a company’s operations with those of other enterprises, to
work with customers and create a better product or service, to achieve a faster time to market, and to acquire
a higher degree of product customization (Burden 2009, Byrne 1993, Chen 2008, Norman et al 2004).

Section 2 refers to related works in the paper research problem. Section 3 is the comparative analysis
of planning capabilities for new KMSs, i.e. Hierachical Coalition Systems and Distributed Control Systems. The
planning process along hierarchies includes the steps of the individual plan. At higher levels or at the much
more abstract levels, every step of the plan has more effects than a step of the plan at a lower level. Section 4
is dedicated for an analysis of our KMS based on logical events. Section 5 presents our conclusions and future
developments for Distributed Knoweldge Management Systems (Vandaie 2008).

2. Related works

In the knowledge-based economy, the complexity in tasks and the demand for creative work from the
workers are both very high (Becerra-Fernandez and Sabherwal 2004). These two trends have shifted
management’s focus from the traditional “proceed-based” framework to a “teams-based model” and the style
of work from, historically, one of coordination and cooperation to collaboration. The advance of technology
and the upsurge of the free workers have also exacerbated the need for collaboration. The wired, networked
economy is the natural habitat of the free worker, and is opening up new markets for talent and new
opportunities for networking outside company walls. Emerging agent-based systems offer new means of
effectively addressing complex decision processes and enabling solutions to business requirements
associated with VOs. Intelligent agents can provide more flexible intelligence/expertise and help the smooth
integration of a variety of system types (i.e., Internet applications, Customer Relationship Management,
Supplier Network Management, Enterprise Resources Management, Expert Systems). This section presents
an overview of expert systems as the most widely-used approach for domain knowledge management today
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as well as agent technology, and shows the latter as a superior systems development vehicle providing
flexible intelligence/expertise and the integration of a variety of system types. Acquiring models means
learning by observation, exploration and experiment, teaching and coaching, or reading. To use models
means reasoning including mental simulations and tests, hypothesis, plausible inferences, logical thinking,
and value-based trade-off.

Multiagent planning architecture (MPA) can be an option in the support systems for coalitions
because it is a framework for the integration of various technologies into a system able to solve problems
which cannot be solved by the independent systems. MPA is widely used in planning the applications, such as
coalitions’ operations. MPA agents are organized based on the concept of cells planning. Each cell has a
managing member that performs the planning of the cell from a group of available agents and distributes the
tasks among selected planning agents. Sharing the information generated during the planning process will be
held by a central plan, and each agent of the cell can access it. MPA is important for the integration of the
different planning solutions. This integration has limits for the development of support systems coalitions,
like any other approach that tries to integrate existing instruments and possibilities in a simple framework.
The main reason is collaboration between problem solving on different components and the need to be
embedded from the beginning into systems. The problem is how to incorporate collaborative requirements
into a distribution of processes planning, so that planning the final connection will not be a sum of
independent plans (Stadtler and Kilger 2005). Considering that the most important function of the
knowledge-based instruments is to support the human user, we must also understand how they interact in
the planning the collaboration process. It should be noted that we do not take into account aspects of the
interface which could improve the man-agent interaction. The main idea is that we can join up the groups,
associated with the development of hierarchical coalitions as support for the agents, by means of a
framework in line with an ontology based on constraints and on the appropriate functions. We can argument
a MAP framework brings several advantages such as: a well-known environment to represent and build
plans; a transparent manner to integrate collaborative concepts that complement the planning skills;
opportunities to develop the human-agent mechanisms; support for customizing the intermediaries. Based
on this statement, we can have specific problems.

Computer based information systems (IS) in manufacturing planning and control, have since their
introduction evolved to cope with the needs of manufacturing firms. It is possible to identify a route of
evolution starting with the introduction of manufacturing requirement planning (MRP) systems in the 1960s.
Through the manufacturing resource planning (MRPII) systems in the 1980s and on through enterprise
resource planning (ERP) systems in the 1990s ending in recent supply chain management (SCM) software
such as Planning and Sceduling Systems (PSS) (APICS 2007, Bergamaschi et al 2006, Bhatt 2001, David et al
2006, Jonsson et al 2007). PSS are either add-ons or direct integral components of ERP systems which create
the support mechanism for planning and decision making at the strategic, tactical and operational planning
levels (Kreipl and Dickersbach, 2008). In general, PSS are said to create better plans than its predecessors as
they include advanced functionality such as optimization and simulation. It is many times argued that PSS
systems are especially well-suited for environments where simple planning methods cannot adequately
address complex trade-offs between competing priorities (Jonsson et al 2007). Are proposed advanced
algorithms in computer system to deal with complicated planning questions such as: What is the most
adequate resource to use when more than one can be picked? What is the best assignment of product
quantities to resource so that changeover can be minimal? What if some products could only be scheduled
after others? What if the lines have different processing rates? What if some products cannot be scheduled
simultaneously because they have the same tools, pallets, or fixtures? Investing a PSS is expensive and time
consuming and it is important that the investment generates a profit. For a considerable time there has been
much discussion on the value of IS support in planning and controlling material flows and production
(Berglund and Karlun 2007, Chen 2008, Jonsson and Mattsson 2006, Kim el al 2003, Li and Xiao 2006, Lin el
al 2007). The understanding of when and how to use PSS in order to obtain benefits, is limited. For
practitioners, the potential value of knowing why, when and how to successfully use PSS and which benefits
to expect is obvious. For academia in manufacturing planning and control, it is important to understand
weather the PSS dominant approach really solves the real-world planning and scheduling problems
considering the vast volumes of mathematical models and algorithms developed during the years. It is also
interesting, for researcher in manufacturing planning and control, to understand how benefits are created
when using PSS.

An expert system is a type of planner, since it emulates the way in which experts make decisions, in
the presence of abstract, qualitative and approximate knowledge, in a limited expertise field. Currently, what
is necessary is the formulation of a mathematical theory of intelligent planning systems, which operates in a
dynamic environment, with real time properties. For systems of Artificial Intelligence applied to
management, the fundamental concepts of control theory have a special significance. The state of a planner
or an expert system describes the situation that defines the problem solving strategy at a given time. In closed
loop planning systems, the planner detects the exists of the problem field and uses them in the decision
making process. Closed loop planners undergo the execution, monitoring and re-planning, being able to
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continue their activities on the basis of contingency plans that may appear due to the disturbances which act
on the problem field. Planning systems, or expert systems, may be designed with three hierarchical levels: the
execution level, the coordination level, and the control level. The models used at superior levels are more
abstract. A planning problem for a system may be defined thus: given an initial state, a desired state and an
aggregate of possible actions, let it an aggregate of actions (either partially or totally ordered) be determined,
which applied to the initial state leads the system to the desired state. Planning is a difficult problem and may
become much simpler if certain restrictions are applied. The problem of plan validation is reduced to the
verification, for a plan, of an initial state and of a given final state, that all actions mentioned in the plan may
be executed successfully, meaning that all preconditions are fulfilled and the actions mentioned in the plan
lead to the desired state. Planning is an argumentation task, with a view to determine a sequence of
operators which allow the reaching of the goal, starting from a given initial state. Different planning problems
may be defined by restricting the type of operators, imposing a series of limitations to the number of
preconditions and post conditions (finite aggregates of elements which may be either variable or constant),
by using certain logical operators within the operator structure. P For these types of restrictions, the
planning problem is polynomial or NP-complete. Chapman proves, with the TWEAK system, that the planning
problems is un-decidable, thus pointing out the difficulty of the planning problem in general, but doesn't
prove what proprieties must be fulfilled for the reduction of complexity (Bylander 1994, Luger and
Stubblefield 1993, Lunardhi and Passino 1995, McKay and Wiers 2003). Erol analyzes the planning
proprieties of the TWEAK system, thus proving that the planning problem is un-decidable only if th e number
of constants is infinite. In other words, if the aggregate of constants is finite, the operators are fixed and
negated preconditions or post-conditions are not allowed, then the TWEAK system type planning problem is
polynomial. This is a very specialized planning problem and it isn't clear how a number of these conditions
may be relaxed. There are other results regarding the decidability of some types of specialized planners, but
they provide little information regarding the overall complexity of the planning problem. The computational
complexity of planning was investigated. Bylander analyzes the general problem of deciding the existence of a
solution for the planning task in the context of the STRIPS system and it is demonstrated that this general
problem is PSPACE-complete (Bylander 1994). A certain type of temporal reasoning is represented by the
evaluation of consequences of an aggregate of events. This problem is also linked to the other aspects of the
temporal arguments, such as the planning and validation of a plan. Seeing as the planning is done
incrementally, of interest is not only the validation of the plan but also the determining of the causes due to
which the planning is not yet valid. When we compare the characteristics of a conventional system as
opposed to an Artificial intelligence system, the following observations may be made: i) the decision rate with
conventional systems is typically slower than in Artificial Intelligence systems; ii) the abstract and
generalization character of models used in Artificial Intelligence systems is larger when compared to the fine
grain of models used in conventional systems; iii) the synthesis level of decisions and learning proprieties,
similar to those of human beings, exist in Artificial Intelligence systems at a much higher degree than in the
conventional ones. The result is a high degree of autonomy which exists within non-conventional systems
(Nebel and Backstrom 1994).

3. A Comparative Analysis of Planning Capabilities for New KMSs

Planning systems based on Artificial Intelligence use specific models for the problem field, called
problem representations and logic argumentation models. Current expert systems have many characteristics
in common with planning systems (representation of knowledge, heuristic inference strategies), conceived
specifically for communicating with the exterior, while conventional expert systems are strongly
encapsulated. Planning systems execute actions in a dynamic manner to produce modification in the state of
the problem field. The planner monitors the problem field to progressively obtain information useful for
decision synthesis. An explicit loop is being crossed between the actions done by the planner, the problem
field, the measured outputs and the planner that uses the outputs to decide the control actions, with a view of
reaching the goal. Within expert systems, a similar loop exists: the knowledge base represents the problem
field, while the inference engine represents the planner.

Expert systems inherently have a purpose: diagnosis, system configuration. Certain expert systems
have more planning elements than others. A planning system based on models specific to Artifical Intelligence
is made of a planner, the problem field, the connections between the two and the exogenous outputs. The
planner's outputs are inputs for the problem field, representing control actions. The outputs of the problem
field are inputs for the planner. They are measured by a planner and used to determine evolution in the
problem solving process. Furthermore, there are non-measurable exogenous inputs for the problem field
(disturbances), which represent the uncertainty associated with it. The measured exogenous input of the
planner represents the goal. It is a task of the planner which examines the outputs of the problem field, it
compares them to the goal function and determines what actions must be undertaken to reach it. Not all
planners are completely autonomous. Some have a user interface, through which the goals may be generated,
allowing for certain degrees of intervention of the human element in the planning process. The planner acts
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on the problem field through inputs, with a goal to solve a specific problem (Stoop and Wiers 1996, Vollmann
etal 2005).

The solution for the problem is a sequence of inputs and outputs (possible states), generated with a
view to fulfill the purpose. A model for the field of the real problem is thus developed, called the
representation of the problem. The problem field is, in a certain sense, infinite, since one can never model all
of the aspects that are specific to it. The representation of the problem becomes, thus, incomplete, through
the simplifying of certain characteristics, either known or not. However, simpler models are desired, since
there exists an inverse proportionality relation between the complexity of the modeling and the strength of
the analysis. Planners based on Artificial Intelligence techniques are made from the following important
components: the plan generator, the plan simulator (uses plans in the shape of heuristic decision rules), the
execution model for the selected plan, the situation evaluator (optional). The Artificial Intelligence techniques
used in the design of planning or expert systems are diverse. They refer especially to representation
problems (on must take care in selecting the degree of detail for the mathematical structure used or the
allowed modeling power, since too much modeling power may prevent the development of certain
components of the planner, the verification and validation of the system), the type of approach (dependant or
independent of the field), the type of the planner (hierarchical or not, linear or non-linear, reactive,
distributed, encompassing a meta-planner etc.), the type of interactions that may appear in the synthesis of
decisions, the forms of searching and re-planning.

The fundamental characteristics of a planning type or expert type Artificial Intelligence system, such
as the one designed in the current paper, are (Lunardhi and Passino 1995): a) It can be considered a planning
model of the acting human expert; b) The State of the planner represents the situation in which the problem
solving strategy exists at a given time, being made up of the information necessary for predicting the future
behavior of the system. c) The Controlability represents the ability of inputs to modify the state of the system,
considering for analysis a deterministic system. The problem field is completely controllable at a given time i,
if there exists a finite time j, with j>i, so as for any x; and any state x, there is a finite input sequence u,,...,
(produce which the planner can produce) which transfers state x; to state x at time j, identified through x=x;.
In case the problem field is completely controllable, then for any state there exists a planner which designs
any specific state, called purpose; d) The observability of the problem field is the ability of determining its
state, using inputs (sequence of actions), outputs and the asociated model; ) Minimality reflects how well the
system was modeled; f) Internal stability reflects the ability to remain in an aggregate of states (invariant)
when there are no goal-inputs and in the presence of disturbances.
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We will now present the important problems that can be outlined for open loop systems. If the
problem field is uncontrollable, then there is no planner capable to solve the problem, and if it is controllable,
the existence of such a planner is assured. An important problem with regards to designing an expert system
of management for a business process is represented by the analogy between the problem field and the
knowledge model. The problem field represents the aggregate of real problems which the Artificial
Intelligence systems must solve, using a series of arguments, modeled as formal systems (automated or
quantified logic, temporal, dynamic, multi-valued, nuanced, etc.). Inputs and outputs are marked by u(t), y(t)
for conventional control systems and u,, y;, for Artificial Intelligence systems. Obviously, inputs (outputs) in
the problem field are more abstract and will be described by symbols. These symbols may signify any type of
action that a planner may use over the problem field. With regards to the input u(t) of the process, input u; of
the problem field is a sequence of symbols. The physical system, both for the problem field and for the
process, is represented by a part of the real that we wish to study. The difference between them is in the type
of systems and, thus, of the modeling techniques used. Of note is the fact that the problem field cannot always
be described by equations, therefore conventional control techniques are not adequate for Artificial
Intelligence systems (Barachini 1990).

Due to the strong similarities between the process and the problem field, an analogy may be outlined
between the models used for the process and the problem field, on the one side, and between the
fundamental systemic concepts on the other. The process is described through stochastic (possibly non-
linear) or differential equations, called state and output equations, which describe the dynamics of the
process, the structure and its inter-connections. The problem field may be described through symbolic
equations. There are still strong mathematical analogies between the two types of systems, studying certain
proprieties of special significance in the classic control theory: controllability, observability, stability, system
rate. There is a structural analogy between classic control systems and Artificial Intelligence systems
(planning, expert system), both in an open loop as well as a closed loop. Generating a plan is the process of
synthesis of an aggregate of candidate plans, to fulfill the g; purpose at moment i (the goals can remain fixed
or be modified). During the process of plan generation, the system designs (through a simulation based on a
model of the problem field) the plausible future plan.

The system uses heuristic plans based on decision rules, resource management, success probabilities,
in order to choose the plan to execute. The plan execution module, translates the chosen plan into actions over
the problem field, using techniques of resource allocation. Situation evaluator uses the inputs, outputs and the
representation of the problem in order to determine the state of the field. The estimate state of the field is
used for updated the model implicated in the design and generation process of the plan. The term of situation
is preferred in this case to designate an abstract, general view of the state. The monitoring of the execution
uses the estimated state of the problem field, in order to determine the viable nature of the elaborated plan,
in cases of failure launching re-planning actions. In the structure of a planner based on techniques of Artificial
Intelligence may also be integrated a world modeler, which does the permanent updating of the
representation of the problem field.

The evaluation of the situation and the monitoring of the execution in open loop systems cannot be
assured, being no possibility of re-planning. In this case, the planner is sensible to the variations which
appear in the problem field, open-loop planners not being able to reduce this sensibility. These planners are
of interest only for insignificant disturbances, which is not the case with real problems, which need complex
and detailed problems. Seeing as the outputs of the system are not detected with inputs, if the problem field is
unstable (input-output or internal), then it will never be able to be stabilized in open-loop planning. Open-
loop planning absolutely imposes an exact amount of knowledge of the problem field. Since this cannot be
obtained, any disturbance may be catastrophic. Open-loop planners present advantages due to their
simplicity. If the problem field is stable and the disturbances are insignificant, then these planners may be
useful. They also have the advantage of reduced costs, not being necessary measurements of states and
outputs related to the problem field. Closed loop planning systems (figure 1) are analogous to closed loop
conventional control systems and most of the time, do not use situation evaluation. The monitoring of the
execution as well as the re-planning are thus permitted.

The problem field may not be completely controllable, either because of the elements of executions
which seriously affect the state, either because of the reconsidering of the model corresponding to the
problem field, seeing as controllability is a propriety of the mathematical used model. Controllability and
observability studies can be useful as a guide for the synthesis of the model for the problem field. The
evaluations of the situation is not necessary for planning if the whole state of the problem field is measurable,
this propriety being analogous to the total sate reaction. In case the study of the observability outlines certain
non-observable states of the problem field, additional translators can be implements which provide the
necessary information about the state. Thus, the existence of a compromise between the costs of
implementing a planning system and its complexity, becomes apparent. The solution of implicating several
translators for the evaluation of the entire state may be more expensive. In this case, the existence of a
situation evaluator is no longer necessary, which leads to a simpler planner structure. If the problem field is
completely controllable and observable with regards to inputs and outputs chosen, then a closed loop planner
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exists which stabilizes the problem field, should it be unstable. The planning system examines the difference
between the current output situation and the desired goal, with a view to executing certain actions. The error
in Artificial Intelligence Planning Systems, or in expert systems, is not so easily obtained, compared to the
classics systems of control, seeing as the distance between the symbols is much harder to quantify. Ever more
difficult is the evaluation of the similarities between states, based on a given criteria in the case of expert
systems of monitoring based on imprecise knowledge. These aspects will clearly come into the design of the
IKMSS. Planning systems can have, at any given moment in time, the stop function constantly (regulator type
planning systems) or not (goal-following planning systems). In case a closed loop system or an expert
monitoring system is being designed, certain proprieties are outlined through a qualitative analysis, similar
to the one present in chapter five and in the work. Stability is a propriety of the closed loop system, also valid
for knowledge-based planning systems. Even if the closed loop planning system is thought out with the ability
to stabilize any system that can be stabilized, it can destabilize the specific field of a different problem. Such is
the case, for example, in the application of a correct plan with a certain delay. Systems are destabilized when
the rise of the system rate over a certain safety value, this being a specification of the closed loop system, is
attempted. A major advantage of closed loop planning systems as compared to open loop systems is their
ability to reject disturbances which may appear in the problem field, being insensitive to variations of the
problem field (reaching a goal, even if the model corresponding to the problem field incorporates objectively
approximate knowledge). In classic control systems theory, this objective is accomplished using robust
systems. Closed loop planning systems with situation evaluation are analogous to conventional controllers
with state estimation (Figure 1).

If the problem field is observable, then a situation evaluator exists which determines the state of the
problem field using inputs, outputs, and the model of the problem field. On case this condition is not satisfied,
the situation evaluator cannot, at any moment in time, accomplish its objective. Situation evaluation is
particularly useful in stabilizing the problem field, when it is detectable. The state estimator (observer) is
analogous to the situation evaluator. There are, also, similar analogies between classic adaptive control
systems and adaptive planning systems, based on Artificial Intelligence techniques. Designing a planning
systems is a difficult problem, through the variety of the models used (satisfactory from a computational
perspective), which must be a reflection of the complexity of the environment in which they operate.

4. An analysis of our KMS based on logical events

Our management expert system (Mazilescu 2009, Mazilescu 2010, Mazilescu 2011, Mazilescu 2012),
modelled as a discrete event system using the relationship CES = (XCES, ECES, f:::i, '::::E, gCEs, \"E:E, Rw‘-:ﬂ ), is
extended with the cost function {.: XCES x XCES — R*, attached to the logical event that occurs at momentk € T
c R*, and with the non-empty set of final states X — XCES. The management expert system model thus
obtained, is a formal description of deterministic discrete event systems, meaning that for a given input event
there is exactly one subsequently state. State transitions can occur deterministically in relation to time, so this
model can highlight a certain type of asynchronism. The set:

E(CES) = {(x, X') € X% x X5 | ¥’ = EF= (x), e e P (Ea U BA ) - (@)} (1)

denotes the set of events (possibly infinite) for the management expert system, events obtained as a result of
logical inferences, hereinafter logical events. Cost function {c(x, x") of a logical event is defined for any (x, x") €
E(CES), and indicates the cost of each event that occurs at the process input (e.g. fuzzy expert system'’s output
based on logical inference), which allows the state transition of closed-loop system. This function has the
property that there must be a & > 0 so that {c(x, x") = &’ for any (x, x") € E(CES), where & is calculated on the
number of inferences performed by the fuzzy expert system incorporated into the management expert
system structure.

The fuzzy expert system is described by SEF = (XSE, ESE, 55 (2F gsE, x5t ESE ), where ESE = EFF UR

.5 X i . . SE SE N
U EST is the set of events of the expert system, for which takes place inclusion Ei" < P(Ep UEST U IU) -

gE | . - . S
{}. E(™ is the set of all input events of the expert system consisting of the reference inputs Er E , the process
SE
output events E;” that may occur and in relation to which the system must be able to respond in real time,
ZE
and the user inputs, which are logical events. Output events of the process, Eg , can be, in certain situations,

SE
the changes in process’ state. Function f2F is the transition function of the expert system, and & is its initial
state. Closed-loop system is characterized by the state (x5, x) € (XSE x X). If (xSE, x) is a valid state of the

closed-loop system, then the next new state is given by ((x")SE, x") with (x”)SE = £oF (xSE) and x'= fe(x).
We note by XCES* the set of all finite strings over X¢ES which also include the null element. A string s €

o
XCEs* is called state trajectory of the management expert system, if for any successive states xx’ € s, X’ = £ (x)
for a given state of the expert system xSt € XSE (xx” is the chaining of state x with state x”). Let Es(CES)
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E(CES) the set of all logical events necessary to define a particular state trajectory s € XCES", Set E5(CES) can be
determined by generating pairs (x, X"), (x’, x”), ... An input sequence for the management expert system that

produces a state trajectory s € XCES", is built so that x'= £3E (x) for any xx” € s. Let X, < XCES and T(CES, x, X;) C
XCES* denotes the set of all finite state trajectories s = xx ... X"’ of the management expert system starting with
x € XCES and ending in x” € Xy, or T(CES, xo, X¢) is the set of all finite state trajectories starting in initial state xo
and ending in the final state x € Xr.

A valid behaviour of a logical discrete events system modelled with the relationship CES = (XCES, ECES,

e el gCEs, = Rx‘-:ﬁ) can be characterized by the set of all valid state trajectories T(P, x, X;), x € XCES
with respect to the sequence of input events (logical). Input events of the process, in terms of inferential

(=5
processes results, are either the result of fuzzy expert system's action EZE P(E, U IC) - {<} as the output
events of the expert system, or hypotheses / conclusions (IC) obtained from the inference process, which are
addressed to human decision maker. It is clear that the outputs of the system based on imprecise knowledge

. ) SE .
are calculated according to a dependence such as &SE: Xb x Xint — E:"  in relation to the current state xSE.

L _ EEES . . . .
etQ=E,uU & a finite set of input events of the management expert system, which also includes
logical events such as those listed above. The valid behaviour of the closed-loop system is characterized by
the set of valid state trajectories, i.e. the set of physically realizable trajectories. Let CES = (X, Q, fe, {e, X0, X)
the reduced representation of the valid behaviour of closed-loop system and A = (X,, Qa, fa, Ca Xa0, Xar) the
model of another discrete events system that specifies the allowed behaviour of the same system, which must
also be valid.

Formally, the allowed behaviour A is contained in the allowed behaviour of CES and is noted with
A[CES], and are met the following conditions in relation to A: i) X, c X; ii) Q. < Q; iii) f.: Xa — X,, at the
occurrence of a logical event is given by fi(x) = f(x) if f(x) € X,, else is undefined; iv) {.: Xa X Xa — R* is a
restriction of {.: X X X — R*; V) X590 = Xo; Vi) Xar C Xr. Furthermore, E(A) c E(CES) denotes the set of allowed
logical events of A. The model of A is specified by designer and is the desired behaviour of the management
system that includes a system based on imprecise knowledge, contained in the valid behaviour of the
management system.
As the default graph of A is locally finite, there is a finite number of finite length state trajectories and
generally there may exist several state trajectories for which the minimum is reached. Let X,  X,. The set of
minimum cost state trajectories of A, starting in state x € X, and ending in state x € X,, is denoted by T*(A, x,
X;) € T(A, x, X;). We are interested in the set of optimal allowed state trajectories starting in Xo and ending in

Xar, denoted T*(A, Xo, Xar). We define the performance index J: X, SR which, in terms of event cost, becomes
III (IG“- :'I = [ | EL((“KFZ.(. ]I ,_E ||-IEI L.E. Ic._a]l ]EEZI(I J._.E. .(.‘E.H.(.]. ]

forany s € T(A, x, Xa),x € Xaand e € P(Ey U Eﬂcﬂ) - {J}. By definition, J(s) = 0 if s = x. The goal is to find a
sequence of input events to produce a state trajectory s which minimizes J(s) and ends in Xas.

Assume that A is (xo, Xar)-admissible, the problem of synthesis of a management expert system is to
determine the state trajectory s* € T(A, Xo, Xaf), so that J(s*) = min{J(s): s € T(A, xo, Xaf)}, using a system based
on imprecise knowledge and implicitly an appropriate inference algorithm. The approaches specific to
symbolic Al systems use heuristic search techniques, which successively generate candidate state trajectories
until it can be determined an optimum, in order to reduce computational complexity (Lunardhi and Passino
1995). Heuristic information is called evaluation function, in whose structure there is a heuristic function.
Defining the evaluation function depends on the performance index and on the information available for the
search algorithm (of A* type) at different calculation levels of the evaluation function.

Assume a state trajectory s = sy Sx>, with s € T(A, xo, Xar) for which J(s) =]J(sx) + J(5x)-

If s* € T*(A, xo, Xaf) and s* = T B, then J(s*) = ](5}-; )+ (6" = T ), where:
J(5x ) = min{J(sy): sx€ T(A, xo,x)} and J("& 4" 2 C ™" #" ) —min{J(sw): swe T(A, X, Xar)} (2)

If xp € X, is a particular state that is not on any optimal state trajectory and x; € s for s € T(A, Xo, Xa),
then J(s) > J(s*) for s* € T(A, xo, Xar). This shows that J(s) satisfies the optimality principle of dynamic
programming. J(s) is a perfect discriminant because it provides accurate information on the situations in
which states are on an optimal trajectory or not. Using J(s) together with an A* algorithm is a search strategy
that can generate optimal state trajectories. The present problem depends categorically on the necessary
information which is not available for algorithm A* in order to calculate the index J(s*) = ](SE) +

J(B"y"=E(" " %" ). For algorithm A* index J(s*) is estimated with an evaluation function f: X2 — R,
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defined for any s € X, , so that s € T(A, x, Xa), where x € X, Evaluation function f is obtained by

approximating ](51;) and J("8" "=="(" Trx ) with appropriately defined functions. Let s = sy sx- a given
state trajectory. The value of](S}Z) will be estimated using the function g: X: > R+, where g(sx) =](sx) for any
and sy € T(A, X0, Xa). Notice that g(sx) = 0 if s = xo.

Function g(sx) is used to highlight the expansion cost for reaching the current state %, and is used for the

entire state trajectory from xo to x, to estimate its cost. It is not necessary that g(sx) = ](51; ), with Sv € T(A, Xo,

X). ](S}E) estimates the cost until the current state x. In order to estimate J("& & &= (" e

function h: ¥ — R*, with h(x) = 0 ifx € Xar.

For h, the only information available for determining an estimation of J("s" 1"2&"(" ™ ** ) is the
current state and the final set X,r. The function h is called heuristic function, since it offers the possibility to
apply the algorithm A* using specific information relative to a particular search problem and allows focusing
the search with an algorithm of A* type. The appropriate choice of functions for the structure of algorithm A*
provides an effective search, i.e. a good solution for the synthesis of management expert system. Evaluation
function is chosen so that f(sx) = g(sx) + h(x), where x € X, is the current state of the management expert
system for A*. Correct interpretation of f(sy) is that it estimates the cost of a state trajectory from xo to X’ € Xaf,
passing through the state x. It does not estimate exactly the cost of sx.

The algorithm A* operates by generating candidate state trajectories characterized by two sets of
events (equivalent to pairs of states according to relation 1): PC c E(A) and QO c— E(A), where PC is the set of
events that are not candidates for development, and QO is the set of events likely to be developed. The
content of sets PC and QO changes during the execution of A* but cannot occur when (x%, x2) € PC U QO and
(x3, x4) € PCu QO, so that x% = x* and x! # x3.

Let the set of state trajectories of A, investigated by A* denoted by T(A, PC, QO). Each part of the
state trajectory sy € T(A, PC, QO) starts with the initial state xo and has as final state X" € X,, so that (-,x") € PC

), we use

U Q0. Fors, s’ € ¥z let s « ss’ be the replacement of state s with ss’. To determine s, € T(A, PC, Q0) using
sets PC and QO, we choose (x, x") € PC U QO and note s = xx’.

The set K(x) = {x" | X" € Xaand X" = f,(x)} defines the expansion of state x € X,. A* produces an allowed
optimal state trajectory s* € T*(A, xo,Xaf), assuming that A[P] is (xo, Xar)-admissible, according to the following
algorithm:

Algorithm. (search algorithm for the state space)

i) Let PC = {} and QO = {(x0)};

ii) If|QO| > 0 then iii), else stop (the algorithm has no solution);

iii) Choose (%, x") € QO so that f(syx") is minimum. Let QO < QO - {(x, x")} and PC « PC U {(x, x)};

iv) If X’ € Xaf then stop, with sy € T*(A, xo, Xar), an optimal state trajectory;
else for each state x” € K(x'):

1) iffor (V) ® € X,, (%,x”) ¢ PCU QO then QO < Q0 U {(x, x")};

2) if (3) X € X,, so that (¥,x”) € QO and f(sy x”) < f(fzx”) then QO « QO - {(X, x”")} and PC «
PCU{x,x")}

3) if () X € X,, so that (X, x”) € PC and f(sy x”) < f(fx x) then PC « PC - {(%, x”")} and QO «
QO U {(¥, x)}.

Under these conditions, for all x € X,, must be specified a function h(x), from the structure of function
f(sy), to satisfy the conditions (Bylander 1994): i) admissibility, 0 <h (x) < J("8" {"=& (" ™ #" ) for any x €
X, so that "8" S"=="(" ™" ¢ T*(A, x, X.1); ii) consistency (or monotony), h(x) < Le(x, x') + h(x), (V) (x, X) €
E(CES).

5. Conclusions

The use of temporal aspects refers to the design of those tools to integrate time in control economic
applications (e-commerce, Knowledge Management Systems, Virtual Organizations, Multi-agent Systems).
These aspects are formally found on the inference engine algorithms, able to make full use of the specific
knowledge to the process control. We assume that the process operates like finite nondeterministic state
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machine, while the expert system will operate like a finite deterministic state machine. The problem domain
must be defined as a collection of problems that the expert system desires to solve. In conventional control,
the plant is a dynamical system, described with linear or non-linear differential/ difference equations. A
IKMSS based on knowledge control and planning models, consists of the planner or the inference engine, the
problem domain, the exogenous inputs, and their interconnections. An expert system can be modelled using
predicate or temporal logic or other symbolic techniques such as finite state machine. Although the KMSs are
frequently being used to perform complex control functions, most often it is the case that no formal analysis
of the dynamics is conducted because mathematical analysis of such systems is often considered to be
beyond the scope of conventional control theory. The research work reported in this paper serves to
promote the development of a firm mathematical foundation on which to perform careful analysis for the
verification and validation of KMBSs. There are important another future directions for this work,
investigating the dynamics of other reasoning systems that utilize learning and planning in various complex
applications, studying computational complexity issues relative to conflict resolution strategies and meta-
knowledge representation, and modelling realistic industrial or economic applications that involve
Distributed Knowledge Management Systems.
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